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TITLE OF T HE INVENTION 

DRY ETCHING METHOD AND METHOD OF MANUFACTURING 
SEMICONDUCTOR APPARATUS 

BACKGRO UND OF THE INVENTION 
Field of the Invention 

The present invention relates to a method of dry-etching tungsten and a method 
of manufacturing a semiconductor apparatus which incorporates a gate electrode made 
of tungsten. 

Description of the Related Art 

Hitherto, polysilicon has widely been used as a material of a gate electrode of 
a semiconductor apparatus, such as a MOSFET. Since the degree of integration on the 
semiconductor apparatus and operation speed have been raised in recent years, 
polycide gates each having a two-layer structure constituted by a metal silicide film 
and a polysilicon film have been employed. Also self-align silicide gates have been 
employed which are formed by causing a metal film made of titanium or cobalt and 
formed on a polysilicon film and a polysilicon film to react with each other. 

Pieces of semiconductor apparatus, such as MOSFET, in a generation 
incorporating a gate, the length of which is 0.13 \im, or later are required to have a 
gate electrode exhibiting low resistance. 

As gate electrodes each having resistance lower than that of the polycide gate 
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and that of a selfalign silicide gate, polymetal gates having a laminate structure 
constituted by polysilicon, a reaction barrier and tungsten have attracted attention in 
recent years. Tungsten has specific resistance which is lower than that of tungsten 
silicide, which has been widely used, by one order. Therefore, use of tungsten as the 
material of the gate electrode enables time required to transmit a signal in the 
semiconductor apparatus to considerably be shortened. Hence it follows that the 
degree of integration and operation speed of the semiconductor apparatus can be 
raised. 

Also research and development of dry etching which is a main technique for 
finely machining the polymetal gate have been performed from the above-mentioned 
technical viewpoint. 

At present, use of mixed gas of chlorine (Cl^) and sulphur hexafluoride (SF^) 
is investigated as a gas for dry-etching tungsten because the mixed gas is time-tried gas 
and the gas exhibits easy handling. Sulphur hexaluoride is decomposed in a plasma 
to generate fluorine radicals and fluorine ions in large quantities. Therefore, use of 
sulphur hexafluoride in a dry etching process causes a reaction W + 6F - WF^ t to 
occur. Thus, tungsten can quickly be etched. 

In a period in which dry etching is performed, accumulation of reaction 
products, reactions of etching seeds and desorption of the etching seeds are, from a 
microscopic viev^oint, quickly repeated in the surface of the film which must be 
etched. When the etching process is performed at relatively low speed, the surface of 
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the film, which must be etched, has small number of asperities from a microscopic 
viewpoint. That is, the surface is flattened, as shown in Fig. 1. When the etching 
process is performed at relatively high speed, the surface of the film, which must be 
etched, has great asperities from a microscopic viewpoint, that is, the surface is 
roughened, as shown in Fig. 2. 

Higher-order fluorine gas, such as sulphur hexafluoride, generates fluorine in 
a large quantity. Therefore, use of sulphur hexafluoride to serve as the gas for etching 
tungsten raises the etching rate of tungsten. Simple rise in the etching rate does not 
raise critical problem from a viewpoint of etching tungsten. When a thin film made 
of materials which do not have satisfactory selectivity with tungsten and etching is 
formed below the tungsten, asperities formed on the surface owing to the process for 
dry-etching tungsten exerts an adverse influence on the actions of the materials of the 
lower layer. The pieces of semiconductor apparatus, such as the MOSFET, in the 
generation having the length of 0.13 ^xm, or later have the structure that the thickness 
of the gate insulating film is several nm order or smaller. Therefore, there is 
apprehension that the gate insulating film is broken because asperities formed during 
etching of tungsten reach the gate insulating film if the degree of the asperities is too 
large. 

Ions which are involved in the etching reaction can be controlled by controlling 
the width of distribution of incident particles in the outermost surface of the substrate 
with a bias applied to the electrode provided for the substrate. Since radicals which 
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are involved in the etching reaction are not charged particles, the width of distribution 
of incident particles in the outermost surface of the substrate cannot easily be 
controlled. When etching gas containing radicals in a relatively small quantity v/ith 
respect to ions is employed, the etching rate in a region in v^hich hairlines are formed 
densely and that in a region in which hairlines are isolated from one another are 
substantially the same, as shown in Fig. 3. When etching gas containing radicals in a 
relatively large quantity with respect to ions is employed, a microloading effect exerts 
an adverse influence. Thus, the etching rate is reduced in the region in which the 
hairlines are formed densely and the etching rate is raised in the region in which 
hairlines are isolated from one another, as shown in Fig. 4. 

In general, fluorine requires a long time from generation of fluorine radicals to 
the demise of the same in a plasma. Therefore, the quantity of generated fluorine 
radicals is enlarged in a case of gas, such as sulphur hexafluoride, containing fluorine 
in a large quantity in the gas molecule. When the higher-order fluorine gas, such as 
sulphur hexafluoride, is employed as the gas for dry-etching tungsten, the quantity of 
radicals in the plasma is enlarged relatively. As a result, the difference in the mask 
pattern in the same chip inhibits realization of a uniform etching rate. Hence it follows 
that satisfactory shape controllability cannot be obtained. 

SUMMARY OF THE INVENTION 

In view of the foregoing, an object of a present invention is to provide a method 
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of dry-etching tungsten with which satisfactory shape controllability can be obtained 
by flattening the etched surface. 

Another object of the present invention is to provide a method of manufacturing 
a semiconductor apparatus with which satisfactory shape controllability can be 
obtained and which is capable of forming a gate electrode constituted by laminating 
tungsten without any breakage of a gate insulating film. 

According to one aspect of the present invention, there is provided a dry etching 
method comprising the step of dry-etching tungsten with mixed gas containing fluorine 
gas and chlorine or hydrogen bromide, oxygen and nitrogen. 

According to another aspect of the present invention, there is provided a method 
of manufacturing a semiconductor apparatus comprising the steps of: laminating 
upwards a polycrystal silicon film or an amorphous silicon film, a tungsten nitride film 
or a titanium nitride film and a tungsten film on a silicon substrate; and dry-etching the 
tungsten nitride film or the titanium nitride film and the tungsten film with mixed gas 
containing fluorine gas and chlorine or hydrogen bromide, oxygen and nitrogen so that 
a gate electrode is formed. 

The dry etching method according to the present invention is arranged to 
dry-etch tungsten with the mixed gas and form dry-etched tungsten into a 
predetermined shape. 

The method of manufacturing a semiconductor apparatus according to the 
present invention has the steps of sequentially and upwards forming either of the 
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polycrystal silicon film or the amorphous silicon film and forming the tungsten nitride 
film or the titanium nitride film so that a tungsten film is formed. Then, the method 
of manufacturing a semiconductor apparatus according to the present invention has the 
step of dry-etching the tungsten nitride film or the titanium nitride film and the 
tungsten film with the mixed gas so that a gate electrode is formed. Note that the 
tungsten nitride film and the titanium nitride film are formed between the polycrystal 
silicon film or the amorphous silicon film and the tungsten film to serve as a barrier 
layer. Therefore, the thickness of each the tungsten nitride film and the titanium 
nitride film can be reduced with respect to the tungsten film. 

The mixed gas contains the fluorine gas, gas of either of chlorine or hydrogen 
bromide, oxygen and nitrogen. 

The functions of the gases contained in the mixed gas will now be described. 

The fluorine gas is, in a plasma, decomposed into fluorine radicals and fluorine 
ions which are combined with tungsten to enhance etching. 

The fluorine gas according to the present invention has a structure that the ratio 
of fluorine atoms with respect to elements of the gas molecule except for fluorine is 
four or less. When the composition of the fluorine molecule is M^Fy? fluorine gas 
having a ratio Y/X of four or less is employed, where M is an element except for 
fluorine atom and F is fluorine. Specifically, fluorine gas is employed which has a 
structure that the total number of fluorine atoms in elements which constitute the gas 
molecule, such as CF4, CHF3, CH2F2 or CHF3, is four or less. The fluorine gas 
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containing fluorine atoms at a ratio of four or less realizes an etching rate which is 
slower than that realized by higher-order fluorine gas, such as sulphur hexafluoride. 
Therefore, a practical etching rate with respect to a tungsten film can be realized. The 
fluorine gas containing fluorine atoms at the ratio of four or less generates fluorine 
radicals in a quantity which is relatively smaller than that of fluorine ions. Therefore, 
the influence of the microloading effect can be reduced. 

The foregoing mixed gas contains either of the chlorine gas or bromine gas. 
Chlorine gas forms oxy halide (WOyX2\y) of tungsten in association with oxygen to 
enhance etching of tungsten. Similarly, bromine forms oxy halide (WO^Bry) in 
association with oxygen to enhance etching of tungsten. 

Nitrogen nitrides side walls of the tungsten film and the like to form tungsten 
nitride to prevent progress of etching in a region in which hairlines are isolated from 
one another. Therefore, nitrogen makes the etching rate in a region in which hairlines 
are formed densely and that in a region in which Hairlines are isolated from one 
another to be uniform. 

Since the mixed gas contains the fluorine gas, the gas of chlorine or hydrogen 
bromide, oxygen and nitrogen, the microloading effect can be prevented. Moreover, 
tungsten can be etched at a practical rate. 

Other objects, features and advantages of the invention will be evident from the 
following detailed description of the preferred embodiments described in conjunction 
with the attached drawings. 
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RRTFF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic cross sectional view showing a state of a film, which must 
etched, when etching is performed at a relatively low rate; 

Fig. 2 is a schematic cross sectional view showing a state of a film, which must 
etched, when etching is performed at a relatively high rate; 

Fig. 3 is a schematic cross sectional view showing a state of a film, which must 
be etched, when radicals are contained in etching gas in a relatively small quantity with 
respect to the quantity of ions; 

Fig. 4 is a schematic cross sectional view showing a state of a film, which must 
be etched, when radicals are contained in the etching gas in a relatively large quantity 
with respect to the quantity of ions; 

Fig. 5 is a schematic cross sectional view showing a state in which a gate 
insulating film has been formed on a silicon substrate by a method of manufacturing 
a semiconductor apparatus according to an embodiment of the present invention; 

Fig. 6 is a schematic cross sectional view showing a state in which a polysilicon 
film has been formed on the gate insulating film shown in Fig. 5; 

Fig. 7 is a schematic cross sectional view showing a state in which a reaction 
barrier film has been formed on the polysilicon film shown in Fig. 6; 

Fig. 8 is a schematic cross sectional view showing a state in which a tungsten 
film has been formed on the reaction barrier film shown in Fig. 7; 

Fig. 9 is a schematic cross sectional view showing a state in which an offset film 
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has been formed on the tungsten film shown in Fig, 8; 

Fig. 10 is a schematic cross sectional view showing a state in which a reflection 
preventive film has been formed on the offset film shown in Fig, 9; 

Fig. 11 is a schematic cross sectional view showing a state in which a 
photoresist has been patterned on the reflection preventive film shown in Fig. 10; 

Fig. 12 is a schematic cross sectional view showing a state in which the offset 
film and the reflection preventive film shown in Fig. 11 have been etched; 

Fig. 13 is a schematic cross sectional view showing a state in which the tungsten 
film shown in Fig. 12 has been etched; and 

Fig. 14 is a schematic cross sectional view showing a state in which the 
polysilicon film shown in Fig. 13 has been etched. 

DESCRIPTION OF THE PREFERRED EMBODTMFNTS 

A process for manufacturing a MOS transistor according to an embodiment of 
the present invention and incorporating a gate electrode made of tungsten will now be 
described with reference to the drawings. 

The process for manufacturing a MOS transistor according to the embodiment 
of the present invention, as shown in Fig. 5, has the step of performing heat treatment 
of the surface of a n- or p-type silicon substrate 1 to oxidize the surface so that a gate 
insulating film 2 is formed. 

Then, as shown in Fig. 6, polysilicon is deposited on the overall surface of the 
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silicon substrate 1 so that a polysilicon film 3 is formed. As an alternative to the 
polysilicon film 3 formed on the gate insulating film 2, an amorphous silicon film may 
be formed. In the foregoing case, heat treatment is performed in the following process 
to crystallize deposited amorphous silicon. 

Then, as shown in Fig. 7, tungsten nitride or titanium nitride is deposited on the 
polysilicon film 3 so that a reaction barrier film 4 is formed. The reaction barrier film 
4 may be formed by, for example, a method with which the formed tungsten film or 
titanium film is subjected to heat treatment in a nitrogen atmosphere. Another method 
may be employed with which the formed tungsten film or the titanium film is subjected 
to plasma nitriding process or reactive ion sputtering. 

Then, as shown in Fig. 8, tungsten is deposited on the reaction barrier film 4 so 
that a tungsten film 5 is formed. 

The formed polysilicon film 3, reaction barrier film 4 and tungsten film 5 are 
made of conductive materials which are patterned as described above so as to be 
formed into a gate electrode. 

Tungsten has specific resistance which is lower than that of tungsten silicide, 
which has been widely used, by one order. Therefore, use of tungsten as the material 
of the gate electrode enables time required to transmit a signal in the semiconductor 
apparatus to considerably be shortened. Hence it follows that the degree of integration 
and operation speed of the semiconductor apparatus can be raised. Tungsten is 
allowed to react with polysilicon and formed into silicide owing to heat treatment 
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which is performed at about 600'' C, causing the resistance to be raised. Therefore, the 
reaction barrier film 4 serving as a barrier layer is formed between the polysilicon film 
3 and the tungsten film 5. Since the reaction barrier film 4 serves as the barrier layer, 
the thickness of the reaction barrier film 4 is formed to have a small thickness with 
respect to the thickness of the tungsten film 5, 

Then, as shown in Fig. 9, silicon nitride or silicon oxide is deposited on the 
tungsten film 5 so that an offset film 6 is formed. 

Then, as shown in Fig. 10, silicon nitride (SigN^) is deposited to form a 
reflection preventive film 7 so as to obtain a high resolution in photolithography. 

Then, as shown in Fig. 11, a photolithographic process and a development 
process are performed to pattern the photoresist 8. 

Then, as shown in Fig. 12, the photoresist 8 is used as a mask to dry-etch the 
reflection preventive film 7 and the offset film 6. 

Then, as shown in Fig. 13, the patterned reflection preventive film 7 and offset 
film 6 are used as a mask to dry-etch the tungsten film 5 and the reaction barrier film 
4. 

Etching gas which is employed in the dry etching process is the mixed gas 
containing the fluorine gas, the gas of chlorine or hydrogen bromide, oxygen and 
nitrogen. 

The functions of the gases contained in the mixed gas which are performed 
when the tungsten film 5 is etched will now be described. 
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The fluorine gas has a structure that the ratio of fluorine atoms with respect to 
elements of the gas molecule except for fluorine is four or less. When the composition 
of the fluorine molecule is M^Fy, fluorine gas having a ratio Y/X of four or less is 
employed, where M is an element except for fluorine atom and F is fluorine. 
Specifically, fluorine gas is employed which has a structure that the total number of 
fluorine atoms in elements which constitute the gas molecule, such as CF4, CHF3, 
CHoFo or CHF3, is four or less. The fluorine gas containing fluorine atoms at a ratio 
of four or less realizes an etching rate slower than that realized by higher-order 
fluorine gas, such as sulphur hexafluoride. Therefore, a practical etching rate with 
respect to a tungsten film 5 can be realized. The fluorine gas containing fluorine 
atoms at the ratio of four or less generates fluorine radicals in a quantity which is 
relatively smaller than fluorine ions. Therefore, the influence of the microloading 
effect can be reduced. 

The foregoing mixed gas contains either or the chlorine gas or bromine gas. 
Chlorine gas forms oxy halide (WOxCly) of tungsten in association with oxygen to 
enhance etching of the tungsten film 5. Similarly, bromine forms oxy halide 
(WO^Bry) in association with oxygen to enhance etching of tungsten. 

Nitrogen nitrides side walls of the tungsten film 5 and the like to form tungsten 
nitride to prevent progress of etching in a region in which hairlines are isolated from 
one another. Therefore, nitrogen makes the etching rate in a region in which hairlines 
are formed densely and that in a region in which hairlines are isolated from one 

12 



another to be uniform. 

Since the mixed contains the fluorine gas, the gas of chlorine or hydrogen 
bromide, oxygen and nitrogen, the microloading effect can be prevented. Moreover, 
the tungsten film 5 can be etched at practical rate. 

Then, as shown in Fig, 14, the apparatus with which the tungsten film 5 and the 
reaction barrier film 4 have been dry-etched is operated to continuously dry-etch the 
polysilicon film 3 with etching gas which does not contain fluorine. The process for 
dry-etching the polysilicon film 3 is performed by successively carrying out removal 
of a naturally-formed oxide film on the polysilicon film 3, removal of residues of 
tungsten nitride, etching of the polysilicon film 3 and overetching of the polysilicon 
film 3, 

As described above, the tungsten film 5, the reaction barrier film 4 and the 
polysilicon film 3 are dry-etched so that a gate electrode 9 is formed on the silicon 
substrate 1, Then, implantation of ions of low-density impurities into regions in each 
of which impurities are diffused, formation of a side wall, implantation of high-density 
impurities into regions in each of which impurities are diffused, diffusion of the 
impurities and formation of an interlayer insulating film are performed so that the 
MOS transistor is manufactured. 

As described above, the process for manufacturing a MOS transistor according 
to the embodiment of the present invention is structured such that a polymetal gate 
containing tungsten as the gate electrode is employed. Thus, a MOS transistor 
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exhibiting a high operation speed and a fine structure can be manufactured. 

The process for manufacturing a MOS transistor according to the embodiment 
of the present invention is structured such that the mixed gas containing the fluorine 
gas, gas of either of chlorine or hydrogen bromide, oxygen and nitrogen is employed 
to prevent the microloading effect. Moreover, tungsten for forming the gate electrode 
is etched at a practical rate. Hence it follows that the manufacturing process according 
to the present invention is able to prevent an adverse influence caused from the 
microloading effect. Therefore, the shape of the gate electrode 9 can be controlled 
without any dependency on the difference in the pattern in the same chip. The 
manufacturing process according to the present invention is performed such that the 
tungsten film 5 and the reaction barrier film 4 composed of tungsten nitride or titanium 
nitride are etched at practical rate. Therefore, the etched surface of the gate electrode 
9 can be flattened. Thus, physical damage of the gate insulating film 2 and so forth 
formed lower than the gate electrode 9 can be prevented. As a result, the tungsten film 
5 and the reaction barrier film 4 can successively be etched. 

Examples 

Examples of the process for manufacturing a MOS transistor having the 
structure that the gate electrode is the polymetal gate will now be described. 
First Example 

A first example of the process for manufacturing a MOS transistor 
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incorporating the gate electrode which was the polymetal gate will now be described. 
The first example was structured such that an ECR (Electron Cycloton Resonance) 
reactive ion-flow etching apparatus was employed to etch the reaction barrier film 4 
and the tungsten film 5. Moreover, the fluorine gas was CF^, 

Initially, a gate insulating film 2 having a thickness of 2.5 nm was formed on 
a silicon substrate 1. Then, a LPCVD apparatus was operated so that a polysilicon 
film 3 having a thickness of 100 nm was formed on the overall surface of the silicon 
substrate 1. Then, a sputtering apparatus was operated so that a tungsten film having 
a thickness of 5 nm was formed on the polysilicon film 3. Then, the tungsten film 
having the thickness of 5 nm was annealed at SSC'C for 10 minutes in a nitrogen 
atmosphere so that a reaction barrier film 4 made of tungsten nitride was formed. 
Then, a sputtering apparatus was operated so that a tungsten film 5 having a thickness 
of 100 nm was formed on the reaction barrier film 4. 

Then, the LPCVD apparatus was operated so that a silicon nitride film having 
a thickness of 150 nm and serving as an offset film 6 was formed on the tungsten film 
5. Then, a plasma CVD apparatus was operated so that a reflection preventive film 7 
having a thickness of 30 nm and made of silicon nitrogen oxide (SiON) was formed 
on the offset film 6. 

Then, an excimer laser stepper was operated to pattern a photoresist 8 on the 
reflection preventive film 7. 

Then, the photoresist 8 was used to serve as a mask to dry-etch the offset film 
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6 made of silicon nitride and the reflection preventive film 7 made of silicon nitrogen 
oxide (SiON) by an apparatus arranged to etch an oxide film and formed into a parallel 
flat shape having a narrow gap. The etching operation was performed under the 
following conditions. 



Conditions under which Offset Film 6 and Reflection Preventive Film 7 were 
Dry-Etched 

Pressure : 130 Pa 

RF Electric Power : 1000 W (13.56 MHz) 

Flow Rate of Gas : CF4 (95 ml/min) 

: Ar (950 ml/min) 

Temperature of Electrode : 40°C 

Then, the patterned offset film 6 was used as a mask to dry-etch the tungsten 
film 5 and the reaction barrier film 4 by an ECR reactive ion flow etching apparatus. 
The ECR reactive ion flow etching apparatus is an apparatus incorporating an ion 
source with which a plasma flow is dispersed to etch a substrate placed in the plasma 
flow. The etching operation was performed under the following conditions. 



Conditions under which Tungsten Film 5 and Reaction Barrier Film 4 were 
Dry-Etched 
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Pressure 



: 0.3 Pa 



Electric Power of Microwaves 



: 800 W (2.45 GHz) 



RF Electric Power of Wafer Electric Power : 50 W (400 kHz) 



Flow Rate of Gas 



: CI, (15 ml/min) 



: CF4 (30 ml/min) 



: N2 (10 ml/min) 



: 0^(20 ml/min) 



Temperature of Electrode 



: 30°C 



Then, the ECR reactive ion flow etching apparatus with which the reaction 
barrier film 4 and the tungsten film 5 were etched was operated so that the polysilicon 
film 3 was continuously dry-etched and the gate electrode 9 was patterned. The 
etching operation was performed under the following conditions. 

Conditions under which Naturally-Oxidized Film on Polysilicon Film 3 was Removed 

and Residues of Tungsten Nitride were Removed 

Pressure : 0.5 Pa 

Electric Power of Microwave : 400 W (2.45 GHz) 

RF Electric Power of Wafer Electric Power : 50 W (400 kHz) 

Flow Rate of Gas : Cl^ (120 ml/min) 

Temperature of Electrode : 40°C 
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Duration of Etching 



10 seconds 



Conditions under which Polysilicon Film 3 was Etched 



Pressure 

Electric Power of Microwave 



0.5 Pa 

400 W (2.45 GHz) 



RFEIectricPower of Wafer Electric Power : 25 W (400 kHz) 



Flow Rate of Gas 



Temperature of Electrode 



: C12 (15 ml/min) 
: HBr (95 ml/min) 
: O2 (5 ml/min) 
: 40X 



Note that the duration of etching was determined by automatically detecting 
final point by measuring the wavelength of emitted light of SiCl^. 



Overetching Conditions for Polysilicon Film 3 
Pressure 

Electric Power of Microwave 



0,5 Pa 

400 W (245 GHz) 



RF Electric Power of Wafer Electric Power : 20 W (400 kHz) 



Flow Rate of Gas 
Flow Rate of Gas 
Temperature of Electrode 



HBr (100 ml/min) 

(10 ml/min) 
40°C 
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Duration of Etching 



20 seconds 



Then, a process for etching the polysilicon film 3 was performed^ and then 
implantation of ions of low-density impurities into regions in each of which impurities 
are diffused, formation of a side wall, implantation of high-density impurities into 
regions in each of which impurities are diffused, diffusion of the impurities and 
formation of an interlayer insulating film were performed so that the MOS transistor 
was manufactured. 

The thus-performed first example enabled the gate electrode composed of the 
offset film 6 made of silicon nitride, the tungsten film 5, the reaction barrier film 4 
made of tungsten nitride and the polysilicon film 3 to be formed into an anisotropic 
shape. 

Second Example 

A second example of the process for manufacturing a MOS transistor 
incorporating the gate electrode which was polymetal gate will now be described. In 
the second example, the reaction barrier film 4 and the tungsten film 5 were etched by 
an inductively coupled plasma (ICP) etching apparatus. The fluorine gas according 
to this example was CHF3, 

In the second example, the same process as that according to the first example 
was performed until the offset film 6 made of silicon nitride and the reflection 
preventive film 7 made of silicon nitrogen oxide (SiON) were dry-etched by the 
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apparatus arranged to etch an oxide film and having a parallel flat plate shape having 
a narrow gap. 

Then, the patterned offset film 6 was used to serve as a mask to dry-etch the 
tungsten film 5 and the reaction barrier film 4 by the inductively coupled plasma (ICP) 
etching apparatus. 



Conditions under which Tungsten Film 5 and Reaction Barrier Film 4 were 
Dry-Etched 

Pressure 

RF Electric Power of ICP 



0.4 Pa 

600 W (12.56 MHz) 



RF Electric Power of Wafer Electric Power : 80 W (13.56 MHz) 



Flow Rate of Gas 



Temperature of Electrode 



CI, (60 ml/min) 
CHF3 (15 ml/min) 
N2 (10 ml/min) 
O2 (10 ml/min) 
40°C 



Then, the ICP etching apparatus with which the reaction barrier film 4 and the 
tungsten film 5 were etched was operated so that the polysilicon film 3 was 
continuously dry-etched so that the gate electrode 9 was patterned. The etching 
operation was performed under the following conditions: 
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Conditions under which naturally-oxidized film was removed and residues of tungsten 

nitride were removed 

Pressure : 0.4 Pa 

RF Electric Power of ICP : 500 W (13.56 MHz) 

RF Electric Power of Wafer Electric Power : 100 W (12.56 MHz) 

Flow Rate of Gas : Cl^ (100 ml/min) 

Temperature of Electrode : 40°C 

Duration of Etching : 10 seconds 

Conditions under which Polysilicon Film 3 was Etched 

Pressure : 6.5 Pa 

RF Electric Power of ICP : 600 W (13.56 MHz) 

RF Electric Power of Wafer Electric Power : 120 W (12.56 MHz) 
Flow Rate of Gas : HBr (120 ml/min) 

: O, (3 ml/min) 
Temperature of Electrode : 40°C 

Note that the duration of etching was determined by automatically detecting a 
final point by measuring the wavelength of emitted light of SiCl,. 

Overetching Conditions for Polysilicon Film 3 
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Pressure 



: 6.5 Pa 



RF Electric Power of ICP 



: 600 W (13.56 MHz) 



RF Electric Power of Wafer Electric Power 



: 100 W (12.56 MHz) 



Flow Rate of Gas 



: HBr (120 ml/min) 



: O2 (5 ml/min) 



Temperature of Electrode 



: 40"C 



Duration of Etching 



: 30 seconds 



Then, a process for etching the polysilicon film 3 was performed, and then 
implantation of ions of low-density impurities into regions in each of which impurities 
are diffused, formation of a side wall, implantation of high-density impurities into 
regions in each of which impurities are diffused, diffusion of the impurities and 
formation of an interlayer insulating film were performed so that the MOS transistor 
was manufactured. 

The thus-performed second example enabled the gate electrode composed of 
the offset film 6 made of silicon nitride, the tungsten film 5, the reaction barrier film 
4 made of tungsten nitride and the polysilicon film 3 to be formed into an anisotropic 
shape. 

Third Example 

A third example of the process for manufacturing a MOS transistor 
incorporating the gate electrode which was polymetal gate will now be described. In 
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the third example, the reaction barrier film 4 and the tungsten film 5 were etched by 
an inductively coupled plasma (ICP) etching apparatus. The fluorine gas according 
to this example was CH2F2. 

In the third example, the same process as that according to the first and second 
examples was performed until the offset film 6 made of silicon nitride and the 
reflection preventive film 7 made of silicon nitrogen oxide (SiON) were dry-etched by 
the apparatus arranged to etch an oxide film and having a parallel flat plate shape 
having a narrow gap. 

Then, the patterned offset film 6 was used to serve as a mask to dry-etch the 
tungsten film 5 and the reaction barrier film 4 by the inductively coupled plasma (ICP) 
etching apparatus. The dry etching operation was performed under the following 
conditions. 



Conditions under which Tungsten film 5 and 
Pressure 

RF Electric Power of ICP 

RF Electric Power of Wafer Electric 

Flow Rate of Gas 



Reaction Barrier Film 4 were Dry-Etched 

: 0.4 Pa 

: 600 W (12.56 MHz) 

Power : 90 W (13.56 MHz) 

: CI, (80 ml/min) 

: CH.F^ (20 ml/min) 

: N2 (5 ml/min) 

: O2 (5 ml/min) 



Temperature of Electrode 



40°C 



The ICP etching apparatus with which the reaction barrier film 4 and the 
tungsten film 5 were etched was operated to continuously dry-etch the polysilicon film 
3 and pattern the gate electrode 9. The etching operation was performed as follows. 

Conditions under which Removal of Naturally-Oxidized Film on Polysilicon Film 3 
and that of Residues of Tungsten Nitride were Performed 

Pressure : 0.4 Pa 



RF Electric Power of ICP 



: 500 W (13.56 MHz) 



RF Electric Power of Wafer Electric Power : 100 W (12.56 MHz) 



Flow Rate of Gas 



: CI2 (100 ml/min) 



Temperature of Electrode 



: 40"C 



Duration of Etching 



: 10 seconds 



Conditions under which Polysilicon film 3 was Etched 



Pressure 



: 6.5 Pa 



RF Electric Power of ICP 



: 600 W (13.56 MHz) 



RF Electric Power of Wafer Electric Power : 120 W (12.56 MHz) 



Flow Rate of Gas 



: HBr (120 ml/min) 



: O2 (3 ml/min) 
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Temperature of Electrode 



40"C 



Note that the duration of etching was determined by automatically detecting a 
final point by measuring the wavelength of emitted light of SiCU. 



Overetching Conditions for Polysilicon Film 3 
Pressure 

RF Electric Power of ICP 



6.5 Pa 

600 W (13.56 MHz) 



RF Electric Power of Wafer Electric Power : 100 W (12.56 MHz) 



Flow Rate of Gas 

Temperature of Electrode 
Duration of Etching 



HBr (120 ml/min) 
O2 (5 ml/min) 
40°C 

30 seconds 



Then, a process for etching the polysilicon film 3 was performed, and then 
implantation of ions of low-density impurities into regions in each of which impurities 
are diffused, formation of a side wall, implantation of high-density impurities into 
regions in each of which impurities are diffused, diffusion of the impurities and 
formation of an interlayer insulating film were performed so that the MOS transistor 
was manufactured. 

The thus-performed third example enabled the gate electrode composed of the 
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offset film 6 made of silicon nitride, the tungsten film 5, the reaction barrier film 4 
made of tungsten nitride and the polysilicon film 3 to be formed into an anisotropic 
shape. 

As described above, the etching method according to the present invention is 
structured such that the mixed gas containing the fluorine gas, the gas of either of 
chlorine or hydrogen bromide, oxygen and nitrogen is used. Thus, the microloading 
effect can be prevented. Moreover, tungsten can be etched at practical speed. As a 
result, the etching method according to the present invention which is capable of 
preventing an adverse influence of the microloading effect is able to control the shape 
of tungsten without any dependency on the shape of the pattern which must be 
processed. The etching method according to the present invention, which is capable 
of etching tungsten at practical speed, is able to flatten the etched surface of tungsten. 
Therefore, any adverse influence is not exerted on the characteristics of the materials 
below the tungsten layer. 

The method of manufacturing a semiconductor apparatus according to the 
present invention is arranged such that the mixed gas containing the fluorine gas, the 
gas of either of chlorine or hydrogen bromide, oxygen and nitrogen is used. Thus, the 
microloading effect can be prevented and tungsten which serves as the gate electrode 
can be etched at practical speed. Thus, the method of manufacturing the 
semiconductor apparatus according to the present invention is able to lower the 
resistance of the gate electrode. Therefore, electric power required of transistors can 
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be reduced and the operation speed can be raised. The method of manufacturing a 
semiconductor apparatus according to the present invention, which is capable of 
preventing an influence of the microloading effect, is able to control the shape of the 
gate electrode without any dependency of the difference in the pattern in the same 
chip. The method of manufacturing a semiconductor apparatus according to the 
present invention is structured such that tungsten and tungsten nitride or titanium 
nitride are etched at practical speed. Thus, the etched surface of the gate electrode can 
be flattened. As a result, damage of the gate insulating film and the like formed below 
the gate electrode can be prevented. Thus, tungsten and polycrystal silicon or 
amorphous silicon can continuously be etched. 

Although the invention has been described in its preferred form and structure 
with a certain degree of particularity, it is understood that the present disclosure of the 
preferred form can be changed in the details of construction and in the combination 
and arrangement of parts without departing from the spirit and the scope of the 
invention as hereinafter claimed. 



27 



WHAT IS CT ATMRD IS: 

1. A dry etching method comprising the step of: 

dry-etching tungsten with mixed gas containing fluorine gas, chlorine or 
hydrogen bromide, oxygen and nitrogen. 

2. A dry etching method according to claim 1, wherein said fluorine gas has 
a structure that a ratio of fluorine atoms with respect to elements of the gas molecule 
except for fluorine is four or less (when the composition of the fluorine molecule is 
M^Fy, Y/X < 4 where M is an element except for fluorine atom and F is fluorine), 

3. A dry etching method according to claim 2, wherein said fluorine gas has 
a structure that the total number of fluorine atoms in elements constituting said gas 
molecule is four or less and a carbon atom is contained, 

4. A method of manufacturing a semiconductor apparatus comprising the 
steps of: 

laminating upwards a polycrystal silicon film or an amorphous silicon film, a 
tungsten nitride film or a titanium nitride film and a tungsten film on a silicon 
substrate; and 

dry-etching said tungsten nitride film or said titanium nitride film and said 
tungsten film with mixed gas containing fluorine gas and chlorine or hydrogen 
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bromide, oxygen and nitrogen so that a gate electrode is formed, 

5. A method of manufacturing a semiconductor apparatus according to 
claim 4, wherein said gate electrode is formed by dry-etching said polycrystal silicon 
film or said amorphous silicon film with gas which does not contain fluorine. 

6. A method of manufacturing a semiconductor apparatus according to 
claim 4, wherein a mask is formed by silicon oxide or silicon nitride to perform dry 
etching. 

7. A method of manufacturing a semiconductor apparatus according to 
claim 4, wherein said fluorine gas has a structure that a ratio of fluorine atoms with 
respect to elements of the gas molecule except for fluorine is four or less (when the 
composition of the fluorine molecule is MxFy, Y/X < 4 where M is an element except 
for fluorine atom and F is fluorine). 

8. A method of manufacturing a semiconductor apparatus according to 
claim 7, wherein said fluorine gas has a structure that the total number of fluorine 
atoms in elements constituting said gas molecule is four or less and a carbon atom is 
contained. 
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ABSTRACT OF THF. DTSCT.OSURE 

A dry etching method and a method of manufacturing a semiconductor 
apparatus are disclosed with which satisfactory shape controllability can be obtained 
and a gate electrode formed by laminating tungsten can be formed without any 
breakage of a gate insulating film. A polysilicon film, a reaction barrier film made of 
tungsten nitride, a tungsten film and an offset film made of silicon nitride are 
sequentially formed on a gate insulating film. Then, a photoresist is used as a mask 
to etch the tungsten film. The etching process is performed by mixed gas of fluorine 
gas, chlorine, oxygen and nitrogen. 
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DECLARATION AND POWER OF ATTORNEY FOR PATENT APPLICATION 
English Language Declaration 



As below named inventors, we hereby declare that:. 

Our residence, post office address and citizenship are as stated below next to our 
names . 

We believe we are the original, first and joint inventors of the subject matter which is 
claimed and for which a patent is sought on the invention entitled 

DRY ETCHING METHOD AND METHOD OF MANUFACTURING SEMICONDUCTOR 

^. ^ ^. APPARATUS 

the specif xcatxon- of which 

(check one) 

Xis attached hereto. 

was filed on as 

Application Serial No. 

and was amended on 

I hereby state that I have reviewed and understand the contents of the above identified 
specification, including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to patentability as 
defined in Title 37, Code of Federal Regulations, §1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, §119 of any 
foreign application (s ) for patent of inventor's certificate listed below and have also 
identified below any foreign application for patent or inventor's certificate having a 
filing date before that of the application on which priority is claimed: 

Prior Foreign Application (s) Priority Claimed 

Pll-048638 ■ Japan 25/02/1999 X 

(Number) (Country) (Day/Month/ Year Filed) Yes No 



(Number) (Country) {Day/Month/Year Filed) Yes No 



(Number) (Country) (Day/Month/Year Filed) Yes No 

We hereby claim the benefit under Title 35, United States Code, §120 of any United 
States application (s) listed below and insofar as the subject matter of each of the ^ 
claims of this application is not disclosed in the prior United States application in 
the manner provided by the first paragraph of Title 35, United States Code §112, I 
acknowledge the duty to disclose material to patentability as defined in Title 37, Code 
of Federal Regulations, §1.56 and 1.63(d) which became available between the filing date 
of the prior application and the national or PCT international filing date of this 
application: 



(Application Serial No.) (Filing Date) (Status) 

(patented, pending, abandoned) 

We hereby declare that all statements made herein of our own knowledge are true and that 
all statements made on information and belief are believed to be true, and further that 
these statements were made with the knowledge that willful false statements and the like 
so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 
of the United States Code and that such willful false statements may jeopardise the 
validity of the application or any patent issued thereon « 
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£ngl3.s^ Language DecXarata.on 



POWER OF ATTORNEY: As a named inventor. I hereby appoint the following attomey(s) and/or agent(s) to prosecute this application and 
transact all business in the Patent and Trademark Office connected therewith, 

Ronald P. Kananen, Reg. No, 24,104; Ralph T, Rader, Reg, No. 28,772; 
Michael D. Fishman, Reg, No. 31,951, Richard D. Grauer, Reg. No. 22,388; 
Joseph V. Coppola, Sr., Reg, No. 33,373; Michael B. Stewart, Reg, No, 
36,018; Steven L. Nichols, Registration No. 40,326 



Send Correspondence to: 

Ronald P. Kananen, Esq, 
RADER, FISHMAN & GRAUER 
The Lion Building 

1233 20^^ Street, N.W., Suite 501 
Washington, D.C, 20036 



Direct telephone calls to: 

Ronald P, Kananen, Esq. 
(202) 955-3750 



Full name of first joint inventor 



SEIICHI FUKUDA 



Inventor's signature 



Date 



7^ ^ /^2j>o^ 



Residence 



KANAGAWA , JAPAN 



Citizenship 



JAPANESE 



Post Office Address 



c/o SONY CORPORATION 

7-35, KITASHINAGAWA 6-CHOME, SHINAGAWA-KU . 



TOKYO, JAPAN 



Full name of second joint inventor 



Second Inventor's signature 



Date 



Residence 



Citizenship 



JAPANESE 



Post Office Address 



c/o SONY CORPORATION 

7-35, KITASHINAGAWA 6-CHOME, SHINAGAWA-KU , 



TOKYO, JAPAN 



Full name of third joint inventor 



Third Inventor's signature 



Residence 



Date 



Citizenship JAPANESE 



Post Office Address ^/o SONY CORPORATION 

7-35, KITASHINAGAWA 6-CHOME, SHINAGAWA-KU , 

TOKYO, JAPAN 



(Supply amiilar information and aignaturc for subsequent joint Invcntorj.) 



